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Radiaticn-adamping and the 3Bets
tron.

By BERUXO TOUSCHZEX.

Exhibs* *

In a sh'rt notice in the Physioal Review Iwanenko
and Pcmeranohuk' have pointed ﬁut that the erfeot of
raliation dampirg due to the centripetally accelerated motion of
the elevtrons would define &n upper limit for the energy obtainadle
with the bdbetatron. The gemuine publication wliloh appeared in e

Russtian pericdiocel was not avamilabdble according tec the war, whioh

— CADURLE CoPY

uade a oomplietia reinvestigation by the author necessary.
The statement of I. and P. gseemed at first sight objeotionable
bg the two following oonsiderations: 1) I. and P. had oalculated
as if there was only cne dleotron in the betatron thus negleoting
the possible inflaence of the other electrons on the onergy—ba}lanoo-

2) The raiiation cmittcd 1s looked i in the toroid-tute, which in
ceneral 1s covered by s thin metallio layer, thiock enough to totally
reflect any reacdintion with the wavelength of an order of mcgnitude
of about 1 meter. Objection 1) may easily be diaproved. Instend of

the elentrons revolving on the @quilibrium circle we may ns well

constider an assenbly ¢f electronic oacilaters which for simplioity
nr.y have unrelativistic enei'gsies. The osoillaters may all have x-
direction and th: same initial energy, while their phases be dis-
tributed at random. Then the energy radlated in a oeriain direction

-
i3 proportionsl to i whore Z 18 the Her t z 1 a n veo-

tor of the system dslined by Z- €)X, . X, means the cco~dirate of
t:e kth oscillator, which is a hargﬁnia funotion of ti.iv. Kow 2°

? 2 ;;;n o« Wheu earrying out the time=average the nixed terms 14
éi;;;pear. 80 that liually thu rauiation nctually emitted is proper-
tionrl toen x " o Wilen n 1s the numier of the osoillat.rs conoerno..
Iy generelisirg this result, we :ee, that each elcotroé radiavces

cg 11 anperturited by tre othorse. The ef.ect scems to be very similicr
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to the shot-effeot of thermiong which is also due to the fluotua-
ticn o phases.

Objeotion 2) however is es yet not disproved. One might as - :
a model oorsider an osoillator in a box with totally reflcoting ‘
walls. Since the osoillater repiissents a system with an adsorpticn
ocefficient £ O for all frequenocies (aooording to rezdiation damring)
the final state of boxeosoillator will undoubtedly be a bdlack ra-
diation field. The temperature of this rsdiation will be defined by

Aoy

the initial to;;:;gwaro of the oscillator. 3ince tho oseillator
has got one degree of freedox only, whilst the number of degrees
of freedom of the radiation field is practically infinity, tho os-
oillatcr will have lost all its energy in the final state. It is
thus oertein that the walls <f the tule will not rreventi ecnerzy to
be los<%, but ags yet we have not derived the order of magnitude of
the time during whioh the exschange of energy between osoillator and
radintion-field to<tes plaocoe. There are two other guestions arising
out of this ooncideration: how does this time depend on the shape
of the hox and how dcas it depend upon the presence of the other
elsctroia?

Let us pessivisticelly assume thet objeotion 2) was seitled
in a nesative sense and thet the walls mede no diflerenoe whatgoever,
Then the result of ihe 2lassionl oaloulations can be written in the
form

? LVe Yy

(1) Er - 4 My
Here ¥ means the energy measured with the reste-encr.y (0.511KV) of
the electron as « unit, o the veloeity of lisnt, », the clnacienl
eleotron-radius (2,8.10 '> om) and R the radius of the orbit o1 the
uniformly revolving sleotroms. Ay is the energy-loss due to radie-
tion, the point irdioates diiferentiantion with respect vo tize. At

the betatron this energy-leuss must be overbalanoed by e galn of euer.



36 %0 the acoelerating effcot of the alterianting flux within the
ordit, This gain of energy has in the extremely relativistiec limit
the Zorm y 4\ 0w ¢ .ﬂ{
(2) 8" (4‘:)8«»0' il .1‘1'404(.«%
fon here neans the naively (ommitting the influenve of radi:riion-
damping) attempted maximunm energy, o /8% the frequenzy vf .» ao-
velereting field. The ujper expression in brackets reiera to ihe
norual oaune, when a quarter of the period is tuken for uooelex. tion,
Ac0ording to an 1den of W 1 d e r 6 ¢ however 1t is almso possibdle
to accelerate during one half of the pericd. This is made possidble
by wuperimposing a constant magnetic field in the neighbourhboed of
the ¢’ eotron orvit, The lower term in braciots refers to this vase,
The intern termuinology cf the Wideris staff ugesas uses the terat
complete D-onwe., The ocmplete D-case ellown for dupliontion of enersy
ond is not to Ve renlised beoause of injection diffioulties. The
tnoomplete N-case takes Dlace if eny energy between 2U,and 0 ia
nohieved with a betatron originally designed for s tension U, .

The alfferentianl equntion ruliug the enorgy-balance of the betu-
tron tiuns becomes ‘
Po (Rt V0,
Assuming the influenon of the radintion damping to de oluu ite offect
say = -o;ordine;:to (3) appear in two different forms: a) The desrease
of energy implica a Aeoreame of the radius R of tho eleotronie -orbttl.
sinoe the centrifugnl rox;ou erow smaller than the Lorents -
foroe, This docrennd u£ redius is roughly given by
(4) 1 -";’- - 28 , S~ = ek n
ginoe the tube has got a finlte sextension, thiy eleotrons will beoause
of this effect hit the lunes wall of the tube. This will take Dpluoe
I SR AR, whon AV 13t tho distunce between the oquiitbrium-orbit
and the lLusier vall. b.) Them sccoleration term iv positive waring

the ncceleration period, The radintion=dnnpirag udin a neguativs tors

iy o dy
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T T ) é vanish and bosome rigative carlier than it should, It -..-Ifl
turns out, that thic influenor may b negleotel agalnst tho influence

of s). It must de taken into :soount rowever, that it sceas possible

to overcome the diffioulty a) to o sertain degree by teohnical devioes,

while >} aeems to be a complete apory. In their l.0. notioe P. and
I,have only oonsidered d) whi~h m: de thelr results rather optinistie.
Ax Assuming the radisiion-danping to be small an approximate
integration of (3) becomen possible (replusing y by ¥, in the radia-
tior terz). The 1ewult of this integrution can dbont be oxpreseced aw
n oonGition for the minimum Lraguency dojuiding ot tne viher detalls

of the desig.a. One easily ogf?txta 5 v
(5) {- (4 )5
Here £ is the frequency ( w /27 ) of the botatron, AR tho maximun
radius-shift admissible and B the maxirmum magnstic induotion with
10.0C0 Gausr ns a unit. It will be noted, that this minimum frequenoy
is approxinmately 3times swallor in the Mormal osse than in the oomplete
D-oase, & Th:is ia very plausidls since {u the l-oanse the tizme neoces-
sary for obtalning a oertain erurgy is mexxX twioe as long as in the
normal oeso, 80 that the radiation-damping which inoreases with the
tire 0+ gz2in more influonoe in the D-onse.

Applying (5) %c n “OCHV D-betatron, with a radius of about 70cm
(B - 1) we obtain a cinimum freguency of 460sec 1 ir AR is chosen
3om. A normul totaetron would have n radius of léOem 1f the same alter-
eating nagnetic field strangth was applied, which would render s

sin'ram frequency of 150seo 'n;proximwcl;-,.

. e ,
,ﬁ }:\::(c ..l’f/c —
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2 Phyas.rev., 63,11,0542.
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